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Abstract
In this paper, we use real-time Greenbook data to analyze the time variant nature of
the monetary policy conducted by the Federal Reserve. Our study improves on the existing
literature by taking into account the measurement error problem associated with real-time
Greenbook forecasts in a time-varying framework. Using real-time Greenbook data from 1966
to 1995 we have shown that there has been a signiﬁcant change in the response of the federal
funds rate to changes in expected output gap and inﬂation. Our results show that Federal
Reserve’s response to inﬂation was much more aggressive in the Volcker period as compared
to 1970s and 1990s. The response to output gap was signiﬁcant and positive till Volcker took
over and it was insigniﬁcant during his tenure. We have also found that output stabilization
has become a much more important objective of the Federal Reserve after 1991.
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11 Introduction
Although the literature on the behavior of monetary policy in US is vast, there is no consensus
about the role monetary policy has played in stabilizing inﬂation and real activity. The Taylor
rule is widely used as a model of the behavior of monetary policy in the US. Clarida, Gali and
Gertler (1999) estimated a forward looking version of the Taylor rule and found that the response
of Federal Reserve to changes in inﬂation in the pre-Volcker period was less than one to one whereas
it increased signiﬁcantly during the Volcker and Greenspan period. However,they also argue that
the diﬀerence in the response of the federal funds rate to output gap across these two time periods
was insigniﬁcant. Orphanides (2001, 2002, 2004) criticized Clarida,Gali and Gertler’s work on
the grounds that Federal Reserve policy makers are constrained by real-time information. Using
the Greenbook forecasts, he has shown that the response to inﬂation in pre-Volcker and Volcker-
Greenspan eras are not statistically diﬀerent. Further, Orphanides argued that it was the response
to output gap that caused the great inﬂation in the 1970s putting too much weight on output
stability. Boivin (2005) used median unbiased estimation to model time variation in monetary
policy using the Greenbook dataset, but his results are consistent with Clarida et. al.
In this paper we estimate time variation in monetary policy response, recognizing the importance
of using real time data, but also recognizing that Greenbook forecasts may diﬀer from the forecasts
used to calculate the correct policy. The Greenbook forecasts represent Fed staﬀ views and not
those of the policymakers themselves. This is simply how the internal structure is set up at the
Fed and diﬀers from practices such as the forecasts presented at the Bank of England’s Inﬂation
Reports. This diﬀerence between Greenbook forecasts and rational forecasts to which the Fed
responds creates a ‘measurement error’ problem that needs to be addressed if estimates of response
coeﬃcient are to be consistent1. Using the methodology introduced in Kim (2004) and Kim and
Nelson (2006), we are able to deal with time variation in the response coeﬃcients and measurement
error to produce consistent estimation.
The main ﬁnding of this paper is that the behavior of monetary policy in the US in the 1990s
1Boivin (2005) has also pointed out that one potential limitation of the direct estimation of Taylor rules using
Greenbook data is that the endogeneity could introduce some bias in the policy parameter estimates. According to
him, if this is the case, one should be careful before concluding that the inﬂation response, say, took a speciﬁc range
of values at some point in the sample.
2has been diﬀerent from earlier periods. We show that the Federal Reserve’s response to inﬂation
was much more aggressive in the Volcker period as compared to 1970s and 1990s. The response to
output gap was increasing till Volcker took over and it was insigniﬁcant during his tenure. We also
ﬁnd that output stabilization has become a much more important objective of the Federal Reserve
after 1991. Our results are strikingly diﬀerent from those in Boivin (2004) who also uses Greenbook
forecasts in a time-varying monetary policy rule but does not take into account the measurement
error problem as well as heteroscedasticity in the monetary policy rule equation.
The structure of the paper is as follows. In section 2, we develop the empirical model presented
in this paper . Section 3 explains the empirical results of this paper and section 4 concludes.
2 Model Speciﬁcation
In this section, we present a time-varying monetary policy rule which is based on Clarida
et al.(1999). The model has been appropriately modiﬁed to take into account the property of the
Greenbook forecasts. Clarida et al. considered a forward looking version of monetary policy reaction
function where federal funds rate responds to changes in expected inﬂation and expected output
gap. If r∗
t denotes the target nominal federal funds rate, the postulated monetary policy reaction
function according to them is
r
∗
t = β0,t + β1,tE[πt,k|ψt]+β2,tE[gt,q|ψt] (1)
where πt,k denotes the percent change in the price level between periods t and t+k (expressed in
annual rates). gt,q is the measure of the average output gap between period t and t+q, with the
output gap being deﬁned as the percent deviation between actual GDP and the corresponding
target which is actually the potential GDP. ψt is the information set available at time t. Thus,
E[πt,k|ψt] and E[gt,q|ψt] are the unobserved rational forecasts to which the Fed responds. Economic
theory suggests that the economy will be destabilized if β1,t < 1 whereas it will be stable if β1,t > 1.
Equation (1) is diﬀerent from the target nominal federal funds rate equation of Clarida et al. (1999)
as we allow the coeﬃcients to vary with time whereas they assume these coeﬃcients to be constant
in their paper.
3Equation (1) is augmented with interest rate smoothing equation which shows that Fed adjusts
the federal funds rate to eliminate a fraction (1 − β3,t) of the gap between its current target level
and its past level
rt = β3,trt−1 +( 1− β3,t)r
∗
t (2)
Combining the partial adjustment equation (2) with the target equation (1) yields the policy
reaction function
rt =( 1− β3,t){β0,t + β1,tE[πt,k|ψt]+β2,tE[gt,q|ψt]} + β3,trt−1 (3)
While Orphanides (2001, 2002, 2004) and Boivin (2006) assume that the Greenbook forecasts
are the same as rational forecasts, we assume that they are not the same. In particular, we assume
that the Greenbook forecasts are the sum of rational forecasts to which the Fed responds and
some measurement errors. After all, the Greenbook forecasts are nothing more than a subset of
information used by the Fed at the timing of policymaking. If the observed Greenbook forecasts of
inﬂation and GDP gap are used in place of the unobserved rational forecasts in equation (3), the
model is modiﬁed in the following way:




t,q} + β3,trt−1 + et (4)
where et = −(1 − β3,t){β1,t(πG
t,k − E[πt,k|ψt]) +β2,t(gG
t,q − E[gt,q|ψt])} and where πG
t,k and gG
t,q are the
Greenbook forecasts and (πG
t,k − E[πt,k|ψt]) and (gG
t,q −E[gt,q|ψt]) are measurement errors which are
assumed to be uncorrelated with the rational forecasts. In Equation (4), we can easily see that
the explanatory variables πG
t,k and gG
t,q are correlated with the disturbance term et. For the rest of
the paper we will assume k=1,q=0. Here note that, since the measurement error is assumed to be
uncorrelated with the rational forecast, any information available at time t-1 should be uncorrelated
with disturbance term et. Each of the coeﬃcients is assumed to follow a random walk
βi,t = βi,t−1 + εi,t,ε i,t ∼ i.i.d.N(0,σ
2
ε,i),i =0 ,1,2,3 (5)
Furthermore, following Sims (1999) and Sims and Zha (2002), we allow for heteroscedasticity in











They argue that a speciﬁcation for monetary policy rule ignoring heteroscedasticity in the dis-
turbance term would result in misleading estimates of the time-varying reaction coeﬃcients. The
maximum likelihood estimation of the model in equations (4)-(7) via the conventional extended
Kalman ﬁlter would result in invalid inferences, as the regressors of the model are correlated with
the disturbance term. In this paper, we adopt the approach proposed by Kim (2004) and Kim and
Nelson (2006) for consistent and eﬃcient estimation of the model presented in equation (4)2.T o
take care of the measurement error problem, Greenbook forecasts of inﬂation and output gap are
regressed on a set of instruments and standardized residuals v∗
1t and v∗
2t are obtained for inﬂation
and output gap forecasts. We also allow the coeﬃcients in this ﬁrst stage regression to vary with
time. The error terms in the ﬁrst stage regression are also heteroscedastic. Kim and Nelson (2006)












where ωt is uncorrelated with v∗
1t and v∗
2t. The idea is to decompose the error term of the monetary




2t) which is correlated
with the explanatory variables and ωt =et−E[et|πG
t,1,gG
t,0], which is uncorrelated with the explanatory
variables. If there is no error in variables problem in equation (4), the coeﬃcients ρ1 and ρ2 should
be insigniﬁcant. Substituting equation (?) into equation (4) we get:








2t + ωt (4’)
where ωt ∼ N(0,(1 − ρ2
1 − ρ2
2)σ2
e,t). The augmentation of the monetary policy rule equation with
the standardized bias error correction term of Greenbook inﬂation forecast error and output gap
2The derivation of Heckman type 2-step procedure to take into account measurement error problem has been
shown in Appendix 1. This methodology has been taken from Kim and Nelson (2006).
5forecast error term in the form of bias error correction terms takes care of the errors in variable
problem. Using the standardized forecast error terms as bias correction terms in equation (4’) also
takes care of the heteroscedasticity in the ﬁrst stage regression as our estimates in the second-step
will be ineﬃcient if we do not take into account heteroscedasticity in the ﬁrst stage regression. As
the ωt term is uncorrelated with any of the explanatory variables in equation (4’), the following
two-step estimation would be valid:
Step 1: Estimate ﬁrst stage regression of inﬂation forecasts and output gap on a set of in-
struments using the procedure based on Harvey et al.’s (1992) modiﬁed Kalman Filter, and obtain
“standardized” one-step ahead forecast errors b v∗
1,t and b v∗
2,t.
Step 2: Using maximum likelihood function via the Kalman Filter, estimate the following

















There are two problems with the above 2-step estimation procedure: non-linearity in coeﬃcients
and heteroscedasticity in the error term. To handle non-linearity in equation (4”), we linearly
approximate the above model using Harvey’s (1989) methodology. The linearization is performed
using ﬁrst order Taylor series expansion by approximating βit = βi,t|t−1,i=0 ,1,2,3 where βi,t|t−1 =
E[βi,t|ψt−1]. The issue of heteroscedasticity in error term ωt has been handled using Harvey et al.’s
(1992) methodology, where the term e2
t−1 is approximated by E(e2
t−1|ψt−1), where ψt−1 is information
available at time t-1. 3
3 Empirical Results
We use the real-time Greenbook dataset for inﬂation and output gap forecasts. We use the
same dataset as Orphanides (2004). The data for output gap has been obtained from Congressional
Budget Oﬃce and the data spans the period from the ﬁrst quarter of 1966 to the last quarter of
1995. The set of instruments to estimate equation (4) are 4 lags of Greenbook inﬂation forecast,
3Appendix 2 provides details of linearization and heteroscedasticity issues in the above model. We closely follow
Kim and Nelson (2006) for practical implementation of this methodology.
6output gap forecast, commodity price inﬂation, rate of growth of M2 and the spread between the
yield on the 3-year Treasury bond and the 90-day treasury bill.
The variance of the forecast errors can be represented as a measure of uncertainty associated
with the Greenbook forecast and if this is time varying then the uncertainty associated with the
forecast has also been time varying.
The coeﬃcients βs are assumed to follow a random walk process and the model has the state
space representation as shown in Appendix 2. The Kalman ﬁlter is applied to this state-space model
and the maximum likelihood estimate of the coeﬃcients are shown in Figures 1-4. The estimated
hyper-parameters for our monetary policy rule equation are shown in table 1. The correlation
coeﬃcient ρ1 and ρ2 are jointly signiﬁcant which shows the existence of errors in variable problem
and therefore, ignoring this will lead to inconsistent estimates of the parameters.
Figures 2 and 3 show the response of the federal funds rate to expected inﬂation and output gap
over time. The coeﬃcients are plotted with a 90% conﬁdence interval. There is a very interesting
pattern of response over time. The response to inﬂation was not signiﬁcantly diﬀerent from one
before Volcker took over and it started increasing once Paul Volcker took over the chairmanship of
the Federal Reserve. The response was signiﬁcantly higher than one in the 1980s than the later half
of the 1970s. The nature of the response changed after 1991 as it became weaker as compared to the
1980s. The response of federal funds rate to changes in expected output gap shows more interesting
pattern over time. The Volcker era was diﬀerent than the later half of the 1970s as the response
to output gap was insigniﬁcant for most of the time. But, again there was a structural shift in the
monetary policy in 1991 when the Federal Reserve’s response to output again became signiﬁcant.
As we have shown, the Fed’s behavior towards price stabilization and output stabilization witnessed
a fundamental change in 1991.
Why did monetary policy change in the 1990s? One of the reasons is that the uncertainty
associated with the macroeconomy declined and policy makers were much more conﬁdent about the
forecasts especiallyin case of output gap. Theoretically, it has been shown that the optimal response
to the output gap should be lower in the case where there is some uncertainty as compared to the
case when there is no uncertainty. Therefore, when the uncertainty associated with the economic
environment and hence the greenbook forecasts declined in the 1990s, the Federal Reserve started
putting greater weight on output stabilization and less weight on inﬂation stabilization. Orphanides
7(2003) has also shown that measurement of output gap in 1990s has improved as compared to 1990s
and therefore, the proper policy responsiveness to it would be higher.
How does our result ﬁt into the monetary policy literature? The response to inﬂation till 1991
is consistent with Clarida et. al. (1999) and Boivin’s (2005) story where they claim that the Fed
became more aggressive in containing inﬂation during the Volcker-Greenspan eras. Our result for
the output gap till 1991 is consistent with Orphanides, according to whom the macroeconomic
instability witnessed in the 1970s in the US economy was due to too much emphasis on real activity
stabilization. We have found that the behavior of monetary policy in the 1990s was diﬀerent. The
emphasis on output stability increased signiﬁcantly after 1991 whereas the response to changes in
inﬂation decreased after 1991. Therefore, the history of the Fed’s conduct of monetary policy since
the early 1970s can in general be divided into three subperiods.: the 1970s, the 1980s and the 1990s.
The conventional wisdom of breaking the sample into pre-Volcker and Volcker-Greenspan periods
could mislead the empirical assessment of monetary policy.
Our results are also consistent with the story that the objective of diﬀerent Fed chairman has
changed over time. Paul Volcker’s monetary policy objective might have been diﬀerent than Alan
Greenspan’s and Arthur Burns’. This is because prevailing circumstances at diﬀerent moments
in time might have shaped the belief of the diﬀerent Fed chairmen. When Volcker took over
as the Fed chairmen, surging inﬂation was the biggest public enemy and he had the mandate
from president Carter and Reagan to reduce the inﬂation even at a cost of high unemployment.
Circumstances changed after the economy became stable and inﬂation was no longer a problem in
the 1990s. Therefore, after the recession of 1991, output stabilization also became an important
goal for policymakers as the uncertainty associated with the state of macroeconomy declined.
Finally, our explanation is consistent with Romer and Romer (2002), who have a narrative
explanation for the evolving nature of aggregate demand policies in the US. According to them,
the fundamental source of changes in policy had been changes in policymakers’ beliefs about how
the economy functions. They ﬁnd that the policymakers’ economic understanding has evolved over
time.
84 Conclusions
In this paper we analyze the time variant nature of real-time forward-looking US monetary
policy by taking into account the measurement error problem associated with real-time Greenbook
forecasts. We utilize the framework developed by Kim (2004) and Kim and Nelson (2006) to
deal with the issue of uncertainty in a time varying parameter model as a by-product of applying
the Heckman type (1976) two-step procedure in dealing with ‘measurement error’ problem in the
regressor of the model. We propose a method to take care of the real-time measurement error
problem in a time-varying framework. Our methodology not only provides consistent and more
eﬃcient estimates but it also models uncertainty implicitly. Monte Carlo evidence shows that we
get more eﬃcient estimates of the parameter if we take into account the heteroscedasticity in the
forecast error of the Greenbook forecasts. Our proposed methodology shows that the behavior of
US monetary policy has changed dramatically over time especially in 1990s. The Fed’s response to
output gap decreased signiﬁcantly during the Volcker period as compared to the later half of 1970s.
In fact, the response to output gap was insigniﬁcant during Volcker’s regime whereas the response
to inﬂation was higher. In the 1990s once again monetary policy changed its course and started
emphasizing output stability more and the goal of containing inﬂation became less important.
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11Appendix 1
Derivation of a Heckman-type 2-Step Procedure
In this paper, we have adopted Kim and Nelson’s (2006) procedure to develop Heckman-type 2-
step procedure for eﬃcient and consistent estimation of time-varying real-time monetary policy rule
when the regressors are endogenous. Since the regressors in the monetary policy rule equation are
correlated with the error term, the conventional Kalman ﬁlter estimation will provide us inconsistent
estimates of the parameters. By denoting zt as a vector of instrumental variables, we ﬁrst assume
the following time-varying relationship between the explanatory variables πG
t,k and gG


























We restrict our focus on the case k=1,q=0. We note that, Harvey et al.’s (1992) modiﬁed
Kalman ﬁlter provides us the following decomposition of πG
t,1 and gG











where ψ1,t−1 =( πG
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t−2,1,.....)0 and ψ2,t−1 =( gG
t−1,0,gG

































12where Θt|t−1 is the time-varying conditional variance covariance matrix for a 2x1 vector of 1-step
ahead prediction errors vi,t|t−1 i=1,2. Where both vi,t|t−1 i=1,2 and Θt|t−1 are obtained from the
Kalman ﬁlter. We then assume that distribution of v∗
t =[ v∗
1t v∗
2t]0 and the disturbance term in


















where ρ =[ ρ1 ρ2]0 is a constant 2x1 correlation vector4. The Choleski decomposition of the












































where ωt is uncorrelated with v∗
1t and v∗
2t. The idea is to decompose the error term of the monetary




2t) which is correlated
with the explanatory variables and ωt =et−E[et|πG
t,1,gG
t,1], which is uncorrelated with the explanatory
variables. If there is no error in variables problem, then, coeﬃcients ρ1 and ρ2 should be insigniﬁcant.
Substituting equation (24) into our monetary policy rule equation we get:








2t + ωt (4’)




4For details see Kim (2004)
13Appendix 2
Linearization and State-Space Representation of Non-Linear
Time-Varying Real-Time Monetary Policy Rule
The modiﬁed monetary policy rule equation in our paper is:








2t + ωt (4’)




We can represent the above equation as:
rt = f(xt;βi,t)+ρ1σe,tb v
∗
1,t + ρ2σe,tb v
∗








βi,t = βi,t−1+ ∈i,t, ∈i,t∼ i.i.d.N(0,Σ∈),i=0 ,1,2,3 (A12)
σ
2





If we linearize f(xt;βi,t) around βit = βi,t|t−1,i=0 ,1,2,3 where βi,t|t−1 = E[βi,t|ψt−1], we have
the following linearized equation:
rt ≈ β0,t.z1t + β1t.z2t + β2t.z3t + β3,t.z4t + ρ1σe,tb v
∗
1,t + ρ2σe,tb v
∗
2,t + ωt (A14)
The coeﬃcient on the standardized forecast errors are assumed to ﬁxed. Representing the above
model in state-space framework, the measurement equation can be represented as:
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2,t
















































βt|t−1 and calculate Yt and Xt. Then, the prediction error and the updating equation of the
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15In the above state-space model, we need e2
t−1 term to calculate σ2
e,t = α0 + α1e2
t−1 + α2σ2
e,t−1 to
be employed in the
∼
Qt matrix of equations (A18) as well as in the equation (A20). As in Harvey et
al. (1992), the term e2
t−1 is approximated by E(e2
t−1|ψt−1), where ψt−1 is information available at
time t-1. Since we know
et−1 = ρ1σe,t−1b v
∗
1,t−1 + ρ2σe,t−1b v
∗
2,t−1 + ωt−1 (A25)
and










1,t−1 + ρ2σe,t−1b v
∗
2,t−1 + E(ωt−1|ψt−1))
2 + E((ωt−1 − E(ωt−1|ψt−1))
2)
Here, E(ωt−1|ψt−1) is obtained from the last element of
∼
βt−1|t−1 and its mean squared error E((ωt−1−
E(ωt−1|ψt−1))2 is given by the last diagonal element of Pt−1|t−1.
16Table 1: Estimation of Hyper-parameters for the Real-Time Monetary Policy Rule






































17Figure 1: Time-Varying Intercept Term and 90% Conﬁdence Interval
Figure 2: Time-Varying Response of Federal Funds Rate to Expected Inﬂation and 90% Conﬁdence
Interval
18Figure 3: Time-Varying Response of Federal Funds Rate to Expected Output Gap and 90% Conﬁ-
dence Interval
Figure 4: Time-Varying Degree of Interest Rate Smoothing and 90% Conﬁdence Interval
19